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RELIABILITY AND VALIDITY OF THE BODY MECHANICS
OBSTACLE COURSE EVALUATION
Louise Sinclair-Eastman, M.S.
Western Michigan University, 1989
A review of the literature suggests that the way in
w h i c h an individual performs acti vities,

or body

mechanics, can affect the amount of stress placed on the
low back.

Several clinical programs treat patients with

low back pain by teaching proper body mechanics. Although
body mechanics obstacle course evaluations are used by
occupational therapists to assess patients, there has
been no published information regarding the reliability
and validity of these evaluations.

The purpose of this

study was to establish the validity and reliability of
one version, the Body Mechanics Obstacle Course (BMOC).
Content validity was established by reviewing the
literature and consulting with experts.

To determine

reliability, eleven subjects scored a videotape of the
BMOC on two separate occassions.

The subjects' scoring

during each of the two sessions achieved the 75% interrater reliability established for this study.

However,

the level of 75% or better agreement on test-retest
reliability was not achieved.
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CHAPTER I
INTRODUCTION

Statement of the Problem
A review of the liter ature suggests that the
positions in which an individual performs activities can
alter the amount of stress placed on the low back.
Therefore, an individual with low back pain may be able
to reduce the amount of pressure and pain by performing
activities using correct body mechanics.

Carlton (1987)

cites Frederick, Clark, Brown, Nelson-Allen, and Amble's
definition of body mechanics as "the efficient use of the
body that allows for the lessening or elimination of
physical strains that may cause injury and simultaneously
aids in accomplishing work more quickly and efficiently"
(p. 17).
Occupational therapists often work in clinical
p r o grams treating individuals w ith low back pain.
Frequently, one of the responsibilities of the occupa
tional therapist is to teach patients to utilize optimal
b o d y mechanics.

One w a y to determine whether an

individual's body mechanics have improved is to assess
the patient before and after treatment via an obstacle
course which requires the patient to perform various
1

2

activities.

The patient is observed and points are given

by the test administrator when correct body mechanics are
used.
Between 1976 and 1986, the occupational therapists
working with back pain patients at Mar_y Free Bed Hospital
and Rehabilitation Center assessed patients before and
after treatment using the Body Mechanics Obstacle Course
( BMOC)

However, the reliability and validity for the

BMOC had not been established.

Therefore, the purpose of

this study is to determine the content validity and
reliability of the BMOC.
Significance
Low back pain is the most frequent cause of activity
limitation among persons under 45 years of age (Wilder,
1977).

It is believed that 80% of the general population

will experience this condition at some point in their
lives

(Hasue & Fujiwara, 1979; Nachemson, 1976).

Low

back pain is the most expensive ailment in the 30 to 60
year old age group, with yearly expenditures of $14
billion in the United States (Nachemson, 1976; A.A. White
& Gordon, 1982).

A.A. White and Gordon (1982) found that

one-third of these costs represented medical expenses and
the remaining cost was for compensation.

In addition,

25% of the cases account for 90% of the costs.

In the

United States, the loss of wages due to absenteeism (for

3

low back pain) is four billion per year (Damkot, Pope,
Lord, & Frymoyer,

1984). Kelsey and

A.A.

White (1980)

cite industry records from the state of Washington in
describing the socio-economic signi ficance of the
problem.

These records indicate that if an employee with

a back problem is absent from work for more than a year
there is only a 25% probability that the employee will
return to productive work.
of low back pain, Kelsey and

In an epidemiological study
A.A.

White conclude:

It is clear that low-back pain is one of the
most frequent and disa bling conditions that
a f f e c t p e o p l e , e s p e c i a l l y d uring their
productive years. Therefore, allocation of
r e s o u rces to programs of prevention and
treatment as well as to research into finding
better ways of preventing and treating low-back
pain surely deserves high priority. (p. 139)
Purpose of the Study
The BMOC is a n assessment used to ev aluate a
patient's use of body mechanics. Many low back treatment
programs use an obstacle course evaluation to assess a
p a t i e n t ' s bod y mechanics w hile performing various
activities (Attix & Nichols, 1981; Caruso & Chan, 1986;
Eakin & Rudolph, 1989; Flower, Naxon, Jones, & Mooney,
1981; Hayne, 1984; Mattmiller, 1980; Randolph, 1984; A.H.
White, L.A. White, & Mattmiller, 1983). Although these
authors mention the obstacle course in general terms and
describe the type of clinical programs they are used in,
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there has been no publis hed info rmation regarding the
reli ability and/o r validity of these obstacle co urse
assessments.

Therefore, there is a need fo r information

on the reli ab ility and validity on instruments such as
the BMOC.
1.

The purposes of this study were:
To develo p the BMOC, a tra in ing video, test

protocol and score form.
2.

To establish the content validity of the BMOC

through a review of

the literature and consultation with

experts.
3.

To establi s h inter-r a te r and test-retest

reli ability of the BMOC.

CHAPTER II
REVIEW OF THE LITERATURE

Anatomy
Cailliet

(1981) describes the vertebral column as

"an aggregate of articulated, superimposed segments, each
of which is a functional unit"

(p.1).

The functional

unit is comprised of the anterior portion which contains
two adjacent vertebrae and intervertebral disc, plus the
posterior neural segment.

The anterior portion of this

segment is constructed for weight-bearing and shock
absorption.

The vertebral bodies that make up this unit

are cylindrical and sustain compressive stresses with the
assistance of the intervertebral disc between them, which
is a self-contained hydraulic system.

The disc absorbs

shock and allows compression due to fluid displacement
within its elastic container.

Further resistance to

stress is supplied by the vertebral ligaments that
restrict excessive movement and prevent shearing.
ligaments enclose and reinforce the disc.

These

The posterior

portion of the functional unit is non-weight bearing and
serves to protect the neural structures of the central
nervous system, as well as containing the facet joints
which direct the movement of the unit.
5
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Low Back Pain
Chaffin

(1974), Magora (1973), Nachemson (1976),

Westrin (1973), and Wickstrom (1988) believe mechanical
factors are significant in the development of low back
pain.

Kel sey and A.A. White (1980) identified the

following disorders of the lumbar spine where mechanical
st ress is an i m po rt a nt factor:

degenerative disc

disease, herniated disc, osteoarthritis, osteoporosis,
spondylol isthesis
dislocations.

a n d t r aum a t i c f r a ct u r e s a n d

Since fractures and dislocations of the
(Kelsey

vertebrae generally occur as a result of trauma

& A.A. White, 1980) and would not have been prevented
through the individual's use of proper body mechanics,
they will not be considered in this research paper.
Other types of low back pain associated with infections,
tumo rs,

and system i c disease, but not rel ated to

mechanical stress, will not be considered.

However,

because idiopathic organic spine pain is so common it
will be discussed.
Degenerative Disc Disease
Keim

(1973) categorizes degenerative disc disease

into 3 types:

(1) spondylosis,

(3) osteoarthritis.

(2) herniated disc, and

Spondylosis is a degeneration of the

disc with resultant changes in the vertebral body.

These
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changes typically occur in the second decade of life and
continue to have a cumulative effect over time.

The main

components involved in this process include the inter
vertebral disc, adjacent bone and articular structures
(Brown, H ansen & Yorra, 1957). Over time the nucleus
pulposus loses its gelatinous properties due to decreased
water content and an increase in the development of
collagen in the intercellular substance (Brown et al.,
1957; Nachemson, 1976; A.H. White et al., 1983).

As the

low back is subjected to mechanical stress caused by
various movements and positions, fissures begin to occur
as circu m ferential and radial tears develop in the
annulus and the posterior portion of the lumbar disc.

As

this occurs in the cartilaginous end-plates, the hyaline
cartilage deteriorates and there is an ingrowth of
fibrous tissue from the marrow spaces which results in
osteophyte formation (Brown et al., 1957; A.H. White et
al., 1983).
Initially these changes may not be apparent, but
eventually, x-rays show a decrease in the height of the
disc space and a proliferation and irregular outline of
the bone lying beneath the end-plates as well as bone
spur development near the peripheral attachment fibers of
the annulus (Brown et al., 1957).

The x-ray evidence of

disc degeneration is not always commensurate with the
symptomatology that an individual experiences.

Often
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times, individuals with complaints of disc degenerative
symptoms have no radiologic evidence of deterioration in
the structures, and conversely radiologic evidence of
disc degeneration has been found in individuals without
symptoms (Hasue & Fujiwara, 1979; A.A. White & Gordon,
1982).

Although the effects of degenerative changes on the
intervertebral joints is uncertain, Brown et al.

(1957)

found that in relationship to this process the following
was observed: increased bulging of the degenerated discs
as well as rupture and protrusion of the disc with
spinal-nerve root irritation.

In the later phases of the

degenerative process the mobility of the spine decreases
significantly, secondary to the narrowing of the verte
bral spaces, bone spur growth, and fibrosus tissue
proliferation.

This may explain why Hult (1954) found

the greatest incidence of low back pain and sciatica in
the middle age population when the early phases of disc
degeneration occur.

In the older population back pain

subsides as the disc and adjacent vertebrae stabilize.
A.A.

White and Panjabi

(1978) theorize that a disc is

particularly vulnerable to herniation when it is making
the transition from a young, healthy disc with high water
content to an older, dry, scarred one.
Mooney ( 19 8 5)

has proposed a modification of the

Kirkaldy-Willis classification system for low back pain,

9

that takes this process into account.

This is a model

that is used in clinical practice by orthopaedic surgeons
to evaluate and treat patients with low back pain. This
classification system is shown in Table 1.
According t o this classification system,

the

degenerating segment is categorized as to whether it
affects nerve root function
(category B).

(category A) or stability

Patients in category A will experience

more problems with leg pain, while persons in category B
will experience back pain.

This system has three levels

of deterioration for both categories:
(2) instabil ity,

(3) stab ility.

(1) dysfunction,
The fir st level

indicates that damage has occurred in the segment, but
can be reversed.

If dysfunction has become chronic and

progressed, instability results with permanent change.
The third level, stability, is the ultimate progression
of the process. This is when stiffening occurs.
Although the relationship between disc degeneration
and low back pain is inconsistent, Andersson

(1981),

after reviewing 30 years of epidemiological data, found
that back pain was more frequent in subjects with severe
degeneration of several discs.

There was a negative

correlation between low back pain and moderate to light
degenerative changes.

Table 1
Diagnostic Classification of Lumbar Disease Diagnostic Criteria
A. Nerve root

B. Stability

Dysfunction

la. Disc herniation
*Nerve root tension signs
Normal plain roentgenograms
Diagnostic CAT or mylogram

lb. Lumbar syndrome
*Restricted lumbar range
Normal plain roentgenograms
Facet or epidural injection response ±

Instability

2a. Nerve entrapment, partial skeletal
instability
*Nerve root symptoms, signs ±
Roentgenogram ±;narrowing of disc

2b. Degenerating disc

3a. Stenosis
*CAT+ disc space narrowed
Radicular symptoms

3b. Degenerated disc
*Narrowed disc space
Stiffness with no radicular signs

Stabilization

Source:

*Strong mechanical symptoms, chronic
Roentgenogram or discogram+;facet+

Mooney, V. (1985). Evaluation and guidelines for nonoperative care of the low back. In
E.S. Stauffer (Ed.) AAOS instructional course lectures (Vol.34, p.3). St. Louis: Mosby.

I-'
0
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Herniated Disc
Herniation of a disc can occur at any stage in the
process of disc degeneration.

The herniated disc is the

result of the nuclear substance protruding through tears
in the annulus and into the intervertebral foramen.

This

can occur with or without neurological involvement.

If

the nucleus is located in a position where neurological
structures are not involved, the individual will experi
ence back pain without nerve irritation or leg pain. If
the herniated disc presses on the nerve root, radiating
leg pain of varying severity and location occurs.

If the

disc impinges on the nerve root, loss of deep tendon re
flexes, weakness and sensory changes result. This neuro
logical deficiency may return to normal over time, but
there is usually a permanent change in lumbar spine
mechanics (A.H. White et al., 1983).
Osteoarthritis
Osteoarthritis, another degenerative process, is
associated with changes in the articular cartilage (Keim,
1973; A.H. White et al., 1983). It has been described as
a "wear and tear phenomenon" (Keim, 1973, p. 16).

A.H.

White et al. (1983) describe the process as similar to
the degeneration of a disc.

The facet joints may undergo

injury, causing microfractures and tears.

The joint
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becomes inflamed and in the advanced stages there may be
malalignment, catching, locking or partial facet joint
subluxation.

The capsule and synovial lining become

"stretched out and redundant"
p. 35) .

(A.H.

White et al., 1983,

This process may lead to neurological compress-

ion in the underlying lateral recesses and intervertebral
foramen

(A.H.

White et al., 1983). Generally, patients

with osteoarthritis of the facet joints are stiff and
p ain f u l in the morning but the pain subsides with
activity.

Extension movements aggravate the condition

and an acute episode of back pain can be brought on by a
twisting motion (Brown, 1975).
Osteoporosis
Osteoporosis is a decrease in bone mass per volume
of bone.

It is considered to be a metabolic disorder

where bone destroyed during normal metabolism can not be
replaced.
changes.

Often the vertebrae are the first to show
X-rays of the vertebral column show a signifi

cant loss in the density of the vertebral body, with
r e s u ltant compression fractures in the thoracic and
lumbar spine (Keim, 1973).
Spondylolisthesis
Spondylolisthesis is a direct extension of spondy
lolysis, which may be considered stress fractures of the
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pars interarticularis or isthumus of the vertebra.
Kelsey and A.A. White (1980) cite Monticelli and Ascani
as believing that stress from physical activity and
overweight are etiological factors.

In spondylolysis

there is a defect in the isthmus, while spondylolisthesis
is a bilateral defect of the vertebra, through the pars
interarticularis.

M o st often b o t h conditions are

considered to be caused by repeated stress and most
authorities believe that spondylolysis is a prerequisite
condition for spondylolisthesis (Keim, 1973).
Idiopathic Organic Spine Pain
Another ubiquitous type of low back pain has been
identified by A.A. White and Gordon (1982) as "idiopathic
organic spine pain" (p.141).

Several authors believe

that the precise etiology or diagnosis of the majority of
low back pain is undiscernible
M acDonald,

& Anderson,

1987;

(Brown,

1975; Dales,

Glover & Cantab, 196 0;

Kelsey & A.A. White, 1980; McGill, 1968; Nachemson, 1975;
A.A. White & Gordon, 1982). A.A. White and Gordon (1982)

indicate that the incidence of low back pain with no
definite etiology can range from between 20% to 85%. The
f act t h at this range is so w ide illustrates the
difficulty in ma king treatment decisions for patients
presenting with low back pain.
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Epidemiology of Low Back Pain
Many researchers have studied the factors associated

with low back pain but come up with different conclus
ions.

According to Anderson (1986), there are 3 reasons

for this:

( 1) lack of standard definition of low back

pain, (2) the retrospective methods most studies utilize,
and (3) the high spontaneous recovery rate.

In terms of

recovery rate, A.A. White and Gordon (1982) indicate that
in "9 0 % of cases, the pain subsides within two months"
(p.

142).
In the following literature review, it should be

noted that only three research groups investigated a
specific diagnostic category.

Kelsey (1975a, 1975b),

Kelsey and Hardy (1975), and Hrubec and Nashold (1975),
were the only studies that focused on subjects with
herniated discs, while the other reports were performed
on subjects with a more generic type of low back pain.
In addition, the above named authors performed the only
case-controlled studies while Riihimaki (1985) did the
o nly study using a reference group

(i.e., comparing

concrete reinforcement workers with house painters).
Therefore, the results of epidemiological research
conducted on low back pain is difficult to summarize, but
there are indications that three general variables are
associated with the occurrence of low back pain:

(1)
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occupation or type of employment,
o r characteristics, and
characteristics.

(3)

(2) occupational tasks

physical conditions or

Before beginning a discussion of these

variables, a discussion of three risk factors, identified
by Anderson,

Otun, and Sweetman (1987)

may help to

clarify the relationship between epidemiological research
and body mechanics.

These researchers found three risk

factors for low back pain:

(1)

direct injuries,

(2)

degenerative changes and (3) structural abnormalities.
In terms of direct i njury, Manning, Mitchell, and
Blanchfield (1984) were the only authors in this review
to distinguish between accidental and non-accidental back
pain.

Accidental back pain was the result of an incident

that disrupted the normal work pattern, such as falling
objects, slipping, or tripping; while non-accidental pain
resulted as part of a normal pattern of working, with no
incident.

This point is significant to this research

project because body mechanics primarily deals with back
pain of a non-accidental nature.

The individual is

taught to utilize biomechanically sound work postures and
movements in order to prevent or offset the effects of
degenerative changes and/or structural abnormalities.
Occupation
The majority of researchers found a correlation
between heavy work and the incidence of low back pain
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(Anderson, 1981, 1986; Andersson, 1979, 1981; Damkot et
al., 1984; Gyntelberg, 1974; Hrubec & Nashold, 1975;
Kelsey & Golden, 1988; Magora, 1970, 1974; Nachemson,
1975; Svensson & Andersson, 1983; Troup, 1965; Vallfors,
1985; A.A. White & Panjabi, 1978; Wickstrom, Niskanen, &
Riihimaki, 1985) •

Al though these authors do not always

indicate the type of heavy labor performed, some specific
occupations that seem to fall into this category were
discussed in a review article by Wickstrom (1978).

This

article, based on a review of work from 1952 to 1977,
implicated mining, foundry work, stevedore work, dockyard
work, metal-industry work, merchant seamen work, forest
work and blue collar work in the electronics industry.
Truck driving was another specific occupation found to be
associated with low back dysfunction (Andersson, 1979;
Damkot et al., 1984; Frymoyer et al., 1980; A.A. White &
Gordon, 1982). Kelsey and Golden (1988) cited Snook as
reporting that truck drivers have the highest rate of
c o m p e n sation c laims with over half of the injuries
associated with truck loading and unloading.

Material

handlers were se c o nd t o truc k drivers for risk of
compensatory injuries, while nurses and nurses' aides
ranked third (Kelsey & Golden, 1988).

In 1975, Hrubec

and Nashold performed research on World War II veterans.
These researchers found soldiers involved in ground
combat to have a higher incidence of lumbar herniated
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nucleus pulposus than matched controls.

Several studies

found that individuals involved in sedentary occupations
had a high incidence of back pain (Gyntelberg, 1974;
Kelsey, 1975a, 1975b; Magora, 1972; A.A. White & Panjabi,
1978).

However, Frymoyer et al. (1980) did not find this

to be true.

Two publications noted the shortcomings of

research on the relat ionship of lo w back pain to
occupation.

Anderson et al. (1987) indicate that "not

everyone engaged in the same occupation does the same
task" (p. 138).

Kelsey and Golden (1988) reiterated this

skepticism by pointing out that most studies incorrectly
assume that within a given job title the frequenc y,
durat ion, and degree of exposure to physical stress
remains constant among individuals.
Occupational Tasks and Characteristics
Bergquist-Ul l m a n and Larsson

(1977) reviewed

research performed between 1954 and 1975 to determine
what factors within occupations are associated with low
back pain.

These authors identified and presented

certain factors that contributed to the incidence or
occurrence of low back pain as well as identifying what
triggers this condition (see Table 2).
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Table 2
Factors Contributing to the Incidence
or T�iggering of Low Back Pain
Triggers

Incidence
Heavy industry work

Weight lifting

Frequent lifting

Bending

Occasional lifting

Rotation

Excessive bending
Accidental bending
Sudden maximal efforts
Prolonged postures
Forceful movements
Source:

Bergquist-Ullman, M., & Larson, u. (1977).
Acute low back pain in industry. Acta Ortho
paedica Scandinavica, {Suppl. 170) , 10-11 7.

In the research performed since 1975 additional
occupational tasks associated with low back pain have
been identified.

Several authors found a correlation

with motor vehicle transportation jobs {Biering-Sorenson
& Thomsen, 1986; Buckle, Kember, A.O. Wood, & S.N. Wood,
1980; Damkot et al., 1984; Frymoyer et al., 1980; Kelsey,
1975a, 1975b; Kelsey & Hardy, 1975).

Non-driving vibra

tional exposure was als o implicated {Andersson, 1979,
1981; Damkot et al., 1984; Frymoyer et al., 1980; Kelsey
&

Golden, 1988; Vallfors, 1985).

Stooping, or use of
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awkward posture was implicated

(Anderson, 1981, 1986;

Andersson, 1979; Undeutsch et al., 1982; Wickstrom, 1978)
as well as repetitive work (Andersson, 1981).

Carrying

(Frymoyer et al., 1980; Manning et al., 1984), pushing,
and pulling (Damkot et al., 1984; Frymoyer et al., 1984)
were associated with back pain.

In an earlier report,

A.A. White and Panjabi (1978) cite the research performed
by Kelsey in 1975 that indicated carrying, pushing, and
pulling are not associated with low back pain.
In a review article, Kelsey and Golden (1988) found
four studies that implicated prolonged sitting as a risk
factor for back pain, while three studies did not.

These

authors also reported on five studies that indicated that
manual laborers often experience low back pain symptoms
within a few years after the job has begun.

Kelsey and

Golden suggest that this could be due to a number of, as
yet, undetermined factors such as lack of strength, age,
or inexperience in handling heavy loads.
Physical Conditions or Characteristics
Physical conditions that showed a correlation with
low back pain include: overall poor health

(Biering

Sor enson & Thomsen, 1986; Vallfors, 1985), coughing
(Frymoyer et al., 1980; Gyntelberg, 1974; Kelsey, 1975a;
Magora, 1974), headache (Gyntelberg, 1974) and previous
full term pregnancies

(Frymoyer et al.,1980; Kelsey,
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1975a).

Anderson ( 1986) found a relationship between

structural defects of the spinal column and back pain,
while Andersson (1979, 1981) did not.

Hrubec and Nashold

(1975) found good posture to be associated with veterans
that had herniated discs during World War II.

Unfortun

ately, the criteria used to evaluate good posture were
not defined by Hrubec and Nashold.

Their finding

relative to good posture contradicts the premise of this
research study, i.e., that proper body mechanics, which
includes maintaining good posture, will eliminate or
lessen low back pain.
The physical characteristics reported to have a
significan t p osi tive relationship to low back pain
include: tall in height

(Gyntelberg, 1974; Hrubec &

Nashold, 1975; Lawrence, 1955; Undeutsch et al., 1982 ),
advancing age
Magora,

(Anderson, 1986; Andersson, 1979, 1981;

1970; Partridge, Anderson, McCarthy, & Duthie,

1968), male (Anderson,
weight

(Anderson,

Nashold, 1975).

1986; Kelsey 1975a), and over

1986;

Gyntelberg,

1974; Hrubec

&

However, the overweight characteristic

is contradicted by the Wickstrom

(1978), Kelsey and

Golden (1988), and Kelsey (1975) studies that found no
relationship between weight and incidence of herniated
disc. In addition, Wickstrom (1978) did not find tall
stature to be associated with low back pain. Venning,
Walter and Stitt (1987) found that individuals who have
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had a previous back injury are more likely to sustain
future injuries or pain.
Some epidemiological factors found to be related to
low back pain in the preceding studies were disputed by
other studies. Table 3 lists only those factors that were
not controverted in the literature (see Table 3).
Table 3

Epidemiological Aspects of Low Back Pain
Uncontroverted in the Literature
Occupations

Occupational Tasks
and Characteristics

Physical Conditions

Heavy labor

Heavy labor

Poor health

Truck driving

Frequent or occasional lifting

Headache

Materials handling

Excessive or accidental bending

Previous full-term

Nursing

Sudden maximal efforts

Pregnancy

Soldiers in ground

Prolonged postures

Good posture

combat

Forceful roovements

Advancing age

Motor vehicle transportation

Male

Non-driving vibrational exposure

Previous back injury

Stooping

Coughing

Bending
Rotation
Accidents/Slipping
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Posture, Movement and Low Back Pain
In this section, research performed on specific
postures and movements will be reviewed.

In addition,

the recommended method for performing or assuming these
movements and postures will be discussed. Jensen (1980)
cites Nachemson and Cyriax as saying "the critical factor
in the onset of back pain is not so much what the patient
has done, but the position or posture he was in at the
t ime he undertook the activity"

(p. 7 6 9).

Nachemson

(1981) performed in vivo research for 20 years in over
100 individuals and found that the load on the lumbar
disc var i es with differing postures and movements.
Figure 1 depicts the results of the earliest work
performed by Nachemson in 1966, which reflects the amount
of intradiscal pressure in the third lumbar disc in
static positions.

These positions are rated according to

percentages with standing considered as the standard at
100%.
In this work, sitting without back support was found
to be 140% disc pressure, sitting and leaning forward was
185%. When co mpared to the other postures studied,
s itting and leaning forward while holding a 20-kilogram
load had the highest disc pressure (275%). With the help
of more sophisticated technology, Nachemson (1975) was
later able to make dynamic measurements of the pressure
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Figure 1 •

Tot a 1 1 oad on the L - 3 d is k in di ff ere n t
positions
in a s u bje c t weighing 70 Kg.
Positions show n are (1) reclining (relaxed,
supine) , ( 2) rec 1 ining ( 1 a teral decubitus) ,
( 3) standing uprigh t, ( 4) standing and 20 °
forward leaning without and ( 5 ) with a 20-Kg.
load in arms, (6) sitting upright, arms and
back unsuppor ted, (7) sitting and 20 ° forward
leaning without and (8) with a 20-Kg load in
arms.

Source:

Nachemson, A. ( 19 66) •
The load on 1 umbar
disks in dif fere n t positions of the body.
Clinical Or thopaedics and Related Research,
45, p. 114.
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on the disc during common movements and exercises.

In

his analysis of the results, Nachemson stresses the
relationship between the different movements rather than
the absolute values.

Table 4 lists the findings from

this study.
Even though Nachemson is uncertain whether these
pressure measurements elucidate the etiology of low back
pain, he believes the information is relevant to treat
ment, because the amount of force that certain tasks and
postures place on the disc is known.

In treatment, the

patient can be instructed in postures and movements to
utilize or avoid.

However, in interpreting Nachemson's

work, Cailliet (1981) cautions that shear and torque
forces or stresses on the muscles and ligaments were not
considered.
Lifting
Chaffin and Park (1973) indicate that the stress on
the low back during lifting is related to the lifting
method used, the distance the weight is from the body,
and the amount of weight lifted. Kottke (1961) reasoned
that bending at the waist with the knees straight
produced the greatest stress on the low back, because the
center of gravity is further away from the lumbosacral
junction.

I f a 140 pound individual assumes this

posture, there will be between 600 to 700 inch-pounds of
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Table 4
Approximate Load on L-3 Disc in 70 Kg. Individual
in Different Positions, Movements,
Manoeuveres and Exercises
Load, Kg

Activity
Supine

Standing

Upright sitting, no support
Walking
Twisting
Bending Sideways
Coughing
Jumping
Straining
Laughing
Bending forward 20°
Lifting 20 Kg, back straight, knees bent
Bending forward 20° with 10 Kg in each hand
Supine in traction (30 Kg)
Bilateral straight-leg raising, supine
Sit-up exercise with knees bent
Sit-up exercises with knees extended
Isometric abdominal muscle exercise
Active back hyperextension, prone
Source:

30
70

100
85
90
95
110
110
120
120
120
210
185
10
120
180
175
110
150

Nachemson, A. (1975). Towards a better under
standing of low back pain: A review of the
mechanics of the lumbar disc. Rheumatology and
Rehabilitation, 14, p. 133.
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torque on the low back, due to the center of the mass of
the trunk, head, and shoulders being eight to ten inches
in front of the lumbosacral junction.
experiments, Nachemson

Based on autopsy

(1975) calculated that lifting

with the back bent and knees straight.would increase the
pressure on L-3 greater than 30kp/cm2, resulting in a
tensile strain of approximately 100 kp/cm2 on the
posterior portion of the annulus. Andersson, Ortengren,
and Nachemson (1977) studied the effects of variable
l o a ds on the spine,
postures.

in vivo, in different static

With increased back bending and weight load

there was an increase in:

intra-abdominal pressure,

intradiscal pressure and myoelectric activity of the
posterior trunk muscles.

Kumar and Davis (1983) found

electromyographic readings at L-3 were 50% higher than at
T-12 during dynamic lifting with the back bent and legs
straight.

From this work, it was concluded that the

stress from lifting with the back falls on the lumbar
vertebrae and intervertebral discs.

Leskinen, Stal

hammar, Kuorinka, and Troup (1983) compared four lifting
techniques and found the leg lift, with the knees and
hips flexed, to produce the least stress on the back as
long as the load was held close to the body.
(1981)

Cailliet

in a discuss i on of the significance of the

distance between the load and the body stated that "as
the object is held further away from the body, muscular
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t o n e d e c reases because the value of the f ulcrum
decreases"

(p .61).

A.A.

Wh ite and Panjabi (1978)

describe the stress on the low back relative to this
diminished fulcrum as "due to the high forces necessary
to maintain equilibrium because of an increased lever
arm" (p. 332).

Delitto, Rose, and Apts (1987) and Hart,

Stobb e , and Ja raiedi

(1987) explored the effect of

position on the low back during lifting.

They concluded

that maintaining a lordotic posture during lifting offers
the best protection for the lumbar spine.
Miller

Hebert and

(1987) believe that the use of this slightly

lordotic posture during lifting accounts for the fact
that competition weight lifting is one of the safest
sports in the Olympics.

According to these authors, in

this posture the nucleus of the disc exerts less pressure
on the posterior wal 1 of the disc and the muscles work
f rom a position of strengt h to provide support in
absorbing various bending forces. As they contract, the
muscles stabilize and protect the facet joints, liga
ments, and disc.
An other aspect of lifting is the use of intra
thoracic pressure or the Va 1 sa 1 va maneuver.

Jensen

(198 0) recommends taking a deep breath before lifting,
w hile Nachemson (1975) cites four studies that indicate
that simultaneous contraction of the abdominal and costal
muscles during lifting relieves the load on the spine.
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However,

A.A. White and Panjabi

(1978) recommend that

t h is tec h n ique n o t be used by patients with heart
disease, because the altered pulm onary and myocardial
dynamics caused by this maneuver could cause myocardial
ischemia.
Hebert and Miller

(1987) and the Ergonomic Guides

( 1 9 70) have developed sequences for the techniques
i n v o lved in c o r r ect li fting.

T h ese steps p lus a

recommendation that the load be held close to the body
(based on the research discussed above) are listed in
Table 5.
Reaching
When reaching for objects, it is recommended that
the lower back be held in the pelvic tilt position, with
no lordosis

(A.H. White et al.,

1983).

In addition,

Melnik, R. Saunders, and H.D. Saunders (1989) recommend
that one foot be placed in front of the other, with the
body facing parallel to the area where the reaching will
occur, and as the individual reaches, b ody weight is
shifted from the back to the front foot.

Again, the load

should be kept close to the body.
Twisting
In Table 5 one of the steps listed was to avoid
twisting.

Many authors indicate that twisting or
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Table 5

Correct Body Mechanics for Lifting
1.

Stand close to or straddle the load.1, 2

2.

Place feet apart, one foot toward the load and the
other placed in the direction the load is to be
moved.1

3.

Keep the elbows and chin in while retracting the
shoulders. 2

4.

Grasp the object with the palms, not the fingers. 2

5.

Squat down, bending at the hips and knees.1

6.

While squatting, arch the back in its natural inward
curve, locking the low back in its most stable and
protected position while lifting with the legs.1,2

7.

Carry out the lift from beginning to end maintaining
this low back lordosis.1

8.

Keep the load close to the body.

9.

Perform the lift slowly with smooth movements, avoid
jerking. 2

10. Avoid twisting, turn the feet instead. 2
11.

Use heavy loads for practice training. 2

1Herbert,

L., & Miller, G. ( 1 987). Newer heavy load
lifting methods h e lp firms reduce back injuries.
Occupational Health and Safety, 56( 2 ), 57-60.
2Ergonomic Guides. ( 1 970, July-August). American
Industrial Hygiene Association Journal, 31, 5 10-5 16.
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twisting in combination with bending and lifting, is
detrimental to the low back

(Andersson et al., 1977;

Farfan, 1969; Farfan, Cossette, Robertson, Wells & Kraus,
1970; Jensen, 1980; Kelsey, 1975a; Kelsey & Golden, 1988;
Troup, 1979).

Farfan (1969) and Farfan et al. (1970)

performed in vitro research applying torque to normal
lumbar spine segments.

The research suggested that disc

degeneration was more likely to result from twisting than
compression.

On the basis of the latter work, Jensen

(1980) concluded that "a dangerous position for the spine
is flexion, which opens the facet joints, followed by
rotation, because the disc will not have the protection
ordinarily provided by the facets"

(p. 771).

When the

trunk was loaded in rotation versus lateral flexion,
And erson et a l .

(1977) found a n increase in disc

pressure, intra-abdominal pressure and electromyographic
readings.

Kelsey (1975) found that individuals involved

in sports requiring the combined movements of bending and
t w isting

(e.g. b aseball, golf, bowling) had a high

incidence of herniated disc.

Jensen (1980) recommends

that any activity requiring lifting and rotating the
spine (as in throwing an object) be done carefully in two
straight motions, to avoid twisting. Melnik et al. (1989)
recommend pivoting the feet to eliminate twisting.
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Carrying
Carrying is usually associated with lifting.

Troup

(1979) recommends that loads not be held statically for
prolonged periods.

The stresses in carrying were found

to be posture related. The maintained muscular contract
ion can vary with the position of the load, the grip
utilized, and the posture assumed.

Caillet (1981) and

Melnik et al. (1989) recommend that objects be held close
to the body during carrying to minimize stress.
Bending
Bending is another problematic movement that can be
associated with lifting.

Caillet (1981) indicates that

"merely standing in a forward flexed posture of 10 to 15
degrees causes excessive loading upon the lumbar intervertebral discs" (p. 60).

This concept is reflected in

Figure 1, where bending forward in sitting and standing,
with or without a weight, causes greater disc pressure
than lying, standing, and sitting upright.
bending, Melnik et al.

To avoid

(1989) recommends use of the

golfer's lift:
Bend at the hips while raising one leg behind
you.
While holding onto a solid object for
support, pick up the item with your free hand.
Lifting one leg helps to keep your back in a
balanced position.
To return to the upright
position, push off with your arm while lowering
your leg.
This lift is only appropriate for
light items which can be lifted with one hand.
(p.

26)
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Pushing and Pulling
A.A. White and Panjabi (1978) report that research

has shown that intra-thoracic and intra-abdominal
pressures were largest in pushing as compared to pulling
and lifting.

In pushing and pulling the weight of the

upper body is counteracted by the erector spinae muscle.
However, according to Troup (1979) only in pushing is the
rectus abdominis active.
t h e p u s h i n g force.

This serves to counterbalance

A.A. White and Panjabi

(1978)

speculate that the increased intratruncal pressures in
pushing is prob ably due to the activated abdominal
muscles.

This pressure increase is protective, in that

it relieves mechanical stress on the spine (Thorstensson
& Arvidson, 1982).

It is believed that in pushing, the

lever arm of the rectus abdominis muscle serves to offset
pressure on the disc, while in pulling, the erector
spinae muscle has a short lever arm which increases disc
load (A.A. White & Panjabi, 1978).
recommended over pulling

Therefore, pushing is

(Jensen, 1980; A.A. White &

Panjabi, 1978).
Sitting
Sitting, or performing seated work, for prolonged
periods, is not recommended

(Bendix, Krohn, Jessen, &

Aaras, 1985; Harms-Ringdahl & Ekholm, 1986; Jensen, 1980;
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McKenzie, 1981; Melnik et al., 1989).

Bendix et al.

(198 5) researched three different postures during
simulated assembly line tasks and concluded that sitting
was the least desirable posture and recommended alter
nating standing and supported standing.

These research

ers found that in sitting to do the simulated task the
subjects tended to bend forward at the trunk and raise
the arms.

They also recommended that adequate leg room

under the work station be provided.

Harms-Ringdahl and

Ekholm (1986) found that normal subjects experienced pain
when maintaining sitting in a simulated work posture
(i.e., flexion of the cervical and upper thoracic spine).
Research has been performed to determine the
optimal seat type.

As early as 1953, Keegan, using

radiographs, observed that the back was positioned in its
most natural anatomic position when the thigh-trunk angle
of a seat reached 135 degrees.

Based on the 1977 work of

Anderson et al., A.A. White and Panjabi (1978) concluded
that "the l o w e st electr omyographic and intradiscal
pressure recordings were found with a back rest inclinat
ion of 120 degrees and a 5-cm lumber support" (p. 330).
Anders on,

Murphy,

Orteng ren, a n d Nachemson

(1979)

conducted a study and concluded that use of a lumbar
device that supports the low back in lordosis during
sitting is of greater therapeutic value than a change in
backrest inclination or how high or low the support is in
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terms of spine level.

Lifting during sitting (Nachemson,

1976) and lifting in a rotated, seated position (Boudrifa
& Davis, 1987) are not recommended.

Jensen (1980) recom

mends use of a lumbar support and a slight posteriorly
inclined backrest, frequent changes from sitting, and use
of a seat height that allows for comfortable feet placement and adequate thigh support.

Majeske and Buchanan

(1984) describe good sitting posture as maintaining the
anatomical curves in the back and poor sitting posture as
reducing or exaggerating the curves, which places the
ligamentous structures on full stretch.
Standing
Standing for prolonged periods can be as detrimental
to the low back as prolonged sitting (A.H. White et al.,
1983).

Often, in relaxed standing an individual assumes

an excessively lordotic posture (McKenzie, 1981).

In

standing, the spine is extended which causes a transfer
of vertebral forces to the posterior aspects of the disc
and facet joints (A.H. White et al., 1983).

If prolonged

standing is unavoidable, placing one foot on a stool is
recommended.

By doing so, the individual assumes the

pelvic tilt position, which does not require constant
muscular effort to maintain (A.H. White et al., 1983).
Melnik et al. (1989) make the following recommendations
for standing:

35

K e e p your h e a d over your shoulders, your
shoulders over your hips, and keep a comfor
table/wide base of sup port with your knees
slightly bent. This will allow the muscles of
your legs to absorb more weight and reduce the
stress on your low back ••• Keep your stomach
muscles firm while standing. This reduces the
weight bearing pressure on your back. Wearing
good supportive soft-soled shoes also reduces the
stress to your back. Avoid wearing hard- sole or
high-heeled shoes. (p. 13)
Body Mechanics in Clinical Practice
Occupational therapists treat low back pain patients
in a variety of settings (Bettencourt, Carlstom, Brown,
Lindau,

& Long,

1986; Caruso, Chan,

& Chan,

1987;

Clements & Dixon, 1979; Eakin & Rudolph, 1989; Flower et
al., 1981; Gusich, 1984; Hayne, 1984; Matheson, Ogden,
Violette, & Schultz, 1985; Randolph, 1984).

Basically,

these settings can be categorized into one of three
types:

(1) multidisciplinary pain programs;

(2) work

hardening programs; and (3) low back pain schools.
Multidisciplinary Pain Programs
P atients refract ory to the traditional medical
treatment such as surgery, physical therapy and medi
cations are treated in multidisciplinary pain programs.
In addition to low back pain, patients with other types
of pain problems may receive treatment in these programs
(A ddison,

1981). M ultidisciplinary pain programs

typically emphasize education, coping skills training,
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counseling and operant conditioning to reinforce non
pain-related behavior and activity.

Typically, chronic

pain limits the patients' involvement in occupations
(Fordyce et al., 1973).
A review of the literature on outcome studies of pain
programs from 1973 to 1983, conducted by the author of
this research study, identified occupational therapy as a
component of 17 multidisciplinary programs.

All of these

prog rams used measures to determine the programs'
effectiveness.
The following table was developed to illustrate the
five most frequent measures used (see Table 6).

As

indicated in Table 6, activity level was the third most
often assessed outcome measure in multidisciplinary pain
programs.
B l a k eney

(198 4) and McCormack

(1988) proposed

neurophysiological theories which support the use of
purposeful activity in the treatment of pain.

Blakeney

(1984) gave the rationale that:
Purposeful activity could increase t'he amount of
sensory stimuli, particularly large-fiber input,
going into the periphery and would alter the
activity of the central control mechanism in
modulating the perception of pain and the
responses to any noxious stimulation. (p. 47)
Whi 1 e there may be differences in the occupational
therap i s t s'

approach to treatment in each of these

multidisciplinary pain programs, the emphasis on
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Table 6
Five Most Often Assessed Outcome Variables of Multidisciplinary
Pain Programs Utilizing Occupational Therapy Services

Outcome Variable

Studies Assessing This Outcome Variable

Medication Usage

Anderson et al. (1977), Brena et al. (1981);
Crue & Pinsky (1981); Daniel et al. (1983);
Fordyce et al. (1973); Lutz et al. (1983); Melec
et al. (1981); Newman et al. (1978); Swanson,
F loreen & Swenson (1976); Swanson, Haruta &
Swenson (1979); Swanson, Swenson, Haruta &
McPhee (1976).

Pain Level

Brena et al. (1981); Crue & Pinsky (1981);
Daniel et al. (1983); Fordyce et al. (1973);
Lutz et al. (1983); Moore et al. (1984); Newman
et al. (1978); Painter et al. (1980); Seres et
al. (1981); Swanson, Floreen & Swenson (1976);
Swanson, Haruta & Swenson (1979).

Activity Level

Anderson et al. (1977); Brena et al. (1981);
Daniel et al. (1983); Fordyce et al. (1973);
Lutz et al. (1983); Malec et al. (1981); Roberts
& Reinhardt (1980); Rosomoff et al. (1981).

Work

Daniel et al. (1983); Moore et al. (1984);
Newman et al. (1978); Painter et al. (1980);
Roberts & Reinhardt (1980); Swanson, Floreen &
Swen son (1976); Swanson, Maruta & Swenson
(1979); Trief (1983).

Use of Health
Care System for
Further Pain
Related Services

Anderson et al (1977); Crrue & Pinsky (1981);
Newman et al. ( 1978); Roberts & Reinhardt
(1980); Swanson, Maruta & Swanson (1979).

Source:

Sinclair-Eastman, L. (1984). Occupational therapy in multi
Unpublished manuscript,
disciplinary pain programs.
Western Michigan University, Occupational Therapy Graduate
Research Class, Kalamazoo.
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i nc rea sing activity seems to be a common objective
(Blakeney, 198 4 ; Caruso & Chan, 1986; Caruso et al.,
1987;

Eakin & Randolph,

1989;

Flower et al., 1981;

Gusich, 1984).
In each of the program description articles in the
occupational therapy literature cited in the previous
paragraph, there is a discussion of the evaluations used.
Body mechanics evaluations were used in three of these
six

programs

(Caruso & Chan, 1986; Eakin & Rudolph,

1989; Flower et al., 1981).

Caruso and Chan (1986) in a

description of their method of assessing body mechanics
state:
To make evaluations consistent and to record all
observations, the therapist uses a check-list
that contains activities such as reaching into a
high cabinet, standing at a sink to do dishes,
getting in and out of a car, shoveling snow, and
climbing a ladder while carrying a pail•••while
the patient is performing these activities the
therapist ob serves gait patterns, level of
physical endurance, posture, and evidence of
bracing or other associated pain behaviors. (p.
348)
The authors indicate that the checklist is also used at
d ischarge to monitor "changes in activity level and
application of proper body mechanics" (p. 348).
Eakin and Rudolph (1989) use a pen and paper test to
ra t e " t h e p a tients'

know l edge of body mechanics

principles during home, work and leisure activities"
(p. 18). This test is completed a second time by the
program participant during a one month follow-up visit.
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Flower et al.

(1981) evaluate the use of body mechanics

b y observing the patient removing "24 items of various
weights one at a time, from an overhead shelf to the
floor, and then back to the shelf" (p. 245). In addition,
total b od y c o n diti oning and exercise tolerance are
assessed during this activity.

None of these evaluations

of body mechanics were detailed beyond the descriptions
given above.

More than likely, the tools used by Caruso

and Chan (1986), Eakin and Rudolph (1989) and Flower et
al.

(1981) to evaluate body mechanics were not standar

dized, since information on validity or reliability was
not given.
Work Hardening Programs
Work h ardening has been defined by the American
Occupational Therapy Association (1986) in a document
entitled "Work Hardening Guidelines" as "an indivi
dualized, work-oriented activity process that involves a
client in simulated or actual work tasks" (p. 841).

In

these guidelines the recommendation is made that body
mechanics be evaluated, and may also be incorporated into
treatment to minimize or control the effects of pain.
Matheson et al.

(1985) described a work hardening

program at Rancho Los Amigos Hospital in California.
Body mechanics is not mentioned as a part of the
evaluation process, but is mentioned in a case example.
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During the treatment process, the patient was observed
using "poor body mechanics and work posture" (p. 318).
As an adjunct to treatment, the client received video
taped feedback on this problem and was instructed in
correct body mechanics.
There is limited documentation regarding the use of
body mechanics evaluations in work hardening programs.
Although it has been identified as an evaluation area to
be addressed by the American Occupational Therapy Asso
ciation

(1986) it would appear that if an such eval

uations are being used, this is not reported in the
literature.
Low Back School
The low back school was described by A.H. White et
al. (1983) as: "an educational and training facility that
teaches back heal th care and body mechanics to indivi
duals to enable them to rapidly return to normal activity
and to prevent further incidence of back pain" (p. 43).
Dr. Harry Fahrni and Marianne Zachrisson Forssel_l have
been credited as the originators of this approach (Hayne,
1984; Mattmiller, 1980; A.H. White et al., 1983).

In

1958, Dr Fahrni began using the back school approach with
patients in Canada.

After an initial period of bedrest,

the patient would be taught the use of body mechanics and
back health education to manage low back pain (A.H. White
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et al., 1983).

Forssell developed a similar program in

Sweden where four sessions of group classes were pre
sented (Mattmiller, 1980).

Forssell (1980) described the

foundation for the low back school approach as based on
these factors: the concept that most patients' pain is
increased by mechanical strain, results from research on
intradiscal pressure measurements and electromyography
studies, and
mation.

etiological and epidemiological infor-

In a review article, Linton and Kamwendo {1987)

reported that "low back schools came into widespread use"
(p. 1375) around 1977.

Although these authors found

considerable variation among the different schools, all
included: "educa tiona 1 material concerning anatomy and
physiology of the back, rest positions, lift or body
mechanics, and proper work techniques" (p. 1375).

Some

authors regard the low back school as an ef fective
approach in treating individuals with low back pain
(Bergquist-Ullman & Larsson, 1977; Clements & Dixon,
1979; Mooney, 1985; Randolph, 1984; A.H. White et al.,
1983).

However in Linton and Kamwendo's (1987) review,

16 studies on the effectiveness of the low back school
were evaluated and the conclusion was drawn that "insuf
ficient data exist of a controlled nature recommending
the use of the low back school for patients with chronic
back pain" (p. 1383).

These authors criticized the lack
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of control measures and appropriate measurement tech
niques used in these outcome studies.
The concept of the body mechanics obstacle course
evaluation was originated by Lynne White (personal com
munication, November 20, 1985).

It was first referred to

in the descriptive literature w ritten about low back
sc hool s

(Attix & Nichols, 1981;

Mattmiller, 1980;

Randolph, 1984; A.H. White et al., 1983).

Attix and

Nichols (1981) describe an obstacle course model where
the "patient is asked to perform a number of activities
that he ordinarily carries out during everyday life"
(p. 328).

The therapist assesses the performance of each

activity and "a numerical value is given for proper or
improper posture during performance of the activity"
(p. 328).

The activities include:

sitting, forward

bending, reaching, lateral bending, crouching, twisting,
pushing, and pulling.

In the California back school

program described by Mattmiller (1980) and A.H. White et
al. (1983) the obstacle course is used as an evaluation
and treatment tool.

Mattmiller (1980) describes it:

T h i s t e s t i s u s e d to measure performance
objectively on a standardized form...Activities
of relaxed sitting, sitting to fill in forms,
standing .and walking postures, reaching, bending,
kneel ing, lifting, twisting, side bending,
push ing and pulling, going over and under
obstacles, and resting postures in bed are
tested. The deficiencies noted in the patient's
us of body mechanics for these activities are
s cored and mea sured against a ccepted body
mechanics concepts (White and Panjabi, 1978). The

43

deficiencies noted on the obstacle course are
then used as the individual basis for instructing
and training the patient. (p. 118)
The goals of this obstacle course as defined by A.H.
White et al. (1983) are:
1. To identify repetitively performed postures or
motions that produce pain or raise questions concerning
stated diagnosis.
2.
T o p r o v i d e a m e a s u r e m e n t d e v ice w ith a
standardized scoring system that compares the performance
with a 1 ike population of the same diagnosis, and each
days' performance is scored to measure progress.
3. To provide a training area for demonstration and
p r actical a p p lication of the body mechanics theory
presented.
4. To provide a problem-solving area where patients
may demonstrate and correct specific job-related body
mechanics problems. (p.49)
Randolph (1984) discusses the use of the obstacle
course in the occupational therapy evaluation process.
"The obstacle course includes activities that involve
reaching, lifting, pushing, and pulling" (p. 95), and the
patient is scored "on the percentage of correct body
mechanics and postures he used in performing tasks"
(p. 95).

The obstacle course is also used at the end of

treatment, where the patient is rated by a peer group.
Although the term obstacle course is not used, Hayne
(1984) discusses a functional assessment performed by the
occupational therapist using a 1 to 5 rating system (a 1
indicates that client is unable to perform while a 5
m e a n s t h e c l i e n t i s a b l e to p e r f o r m t h e t a s k
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satisfactorily). In addition a time score is recorded.
Activities in this assessment include; sitting, standing,
getting in and out of bed, sweeping the floor, walking,
climbing, packing groceries, and "washing up" (p. 16), or
a bench task.
Occupational Therapy Research on Body Mechanics
One re search article on body mechanics has been
pu blished in the occupational t herapy literature.
Carlton (1987) performed pre and post test measurements
to determine if food service workers who were instructed
i n body m echanics of lifting and lowering objects
performed better in a "novel task" (p. 16) situation and
in the work environment than workers who did not receive
instruction.

The instruments used in the study included

the WEST 2 Work Capacity Evaluation device (the "novel
task"), "a modified version of the WEST 2 Body Mechanics
Evaluation" (p. 17), and the Work-Related Body Mechanics
Evaluation.

Inter-rater reliability was reported as 96%

for the WEST 2 Body Mechanics Evaluation, and 96.23% for
the Work-Related Body Mechanics Evaluation.

The results

indicate that the group receiving one hour of training in
body mechanics did significantly better on the WEST 2
Body Mechanics Evaluation, however, there was no differ
ence in the two groups use of proper body mechanics when
observed in the work setting.

The author indicates that
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the transfer of learning to the work setting did not
occur and proposed the following explanations:

strong

pre-established habit patterns, the fast job pace, the
WEST 2 Body Mechanics Evaluation was an inappropriate
measure of body mechanics techniques essential for a work
environment, the set-up of the work environment, and/or
the impracticality of the straight-back, bent knee method
of lifting and lowering objects.
In conclusion, Carlton

(1987) recommends further

research "on the use of body mechanics instruction for
the prevention of injuries in the work environment"
(p.

20).

In designing a preventative program, he

also

recommends a job analysis of the work environment be
performed, and a determination be made of the number of
hours of i n st ruction needed to provide sufficient
practice, and that "the appropriateness of the assessment
devices" (p. 20) be considered.
In an un published study by Kieffer
foll owing hypothesis was tested:

(1986), the

if an individual

receives demonstr ation and practice in proper body
m echanic s for lifting on the WEST 2 system, that
individual will be able to transfer and generalize the
learning of correct mechanics into an actual situation of
lifting weighted boxes.

The results indicated that when

compared to the control group, the experimental group did
perform better on one dependent variable (knee bending)
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than the group that did not receive training on correct
lifting.

On the other variables (i.e., back straight,

h ead up,

box close to body, h and position, erect

carrying) the results were in the hypothesized direction,
but did not reach significance.
Reliability and Validity of Clinical Assessments
Validity and reliability are critical factors in
clinical assessment (Anastasi, 1975; Hasselkus & Safrit,
1976).

However, none of the published literature on body

mechanics evaluations provide explanatory information on
the instruments' reliability and/or validity (Attix &
Nichols, 1981; Carlton, 1987; Caruso & Chan, 1986; Eakin
& Rud o l p h,

1989; Flower et al., 1981; Hayne, 1984;

Mattmiller, 1980; Randolph, 1984; A.H. White et al.,
1983).
Hasselkus and Safrit (1976) stress the importance of
determining the reliability and validity of assessments
used in occupational therapy.

These authors indicate:

It is rare that papers in occupational therapy
literature report the validity and reliability of
an evaluative tool upon which a study has been
based •••• To lay the proper groundwork for a
study, a therapist must develop the evalu-ation
tool, establish its validity and relia-bility,
and then proceed to use that tool to collect
data. (p. 431)
Goodman

(1989) found 3 5 articles published in The

American Journal of Occupational Therapy since 1976 when
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Hasselkus and Safrit addressed the need for establishing
validity and reliability measures of evaluations used in
occupational therapy practice.
Cox and West (1986) define validity as measuring
what the instrument intends to measure_, while reliability
is the consistency of the tool.

Reliability relates to

consistent results obtained from evaluator to evaluator
(inter-rater reliability) and from time to time (testretest reliability).
Bruns and Stuesse (1989) described the qualities of a
useful evaluation.

It is concise and appropriate to the

population evaluated, it has clearly defined items and
scor ing criteri on,
sensitive t o change.

and the scoring cr iterion a r e
These authors a 1 s o stated that

there needs to be documented evidence of the evaluation's
reliability and validity.

CHAPTER III
RESEARCH QUESTIONS

Although the BMOC has been used for 10 years as an
assessment in a clinical setting, the reliability and
validity has not been established.

Because it has been

identified that body mechanics training is widely used in
a variety of clinical settings, it is important to estab
lish an accurate method for assessing the individuals'
use of correct body mechanics.

This enables the

clinician to establish a baseline of performance and a
measure of change following treatment.

The goal of this

study was to develop a modified version of the BMOC and
to determine its validity and reliability.

The following

questions were tested:
1.

Will the inter-rater reliability, as determined

by a minimum of 10 occupational therapists or certified
occupational therapy assistants, scoring a videotape of
the BMOC, yield an agreement of 75% or better with the
standard (correct) score?
2.

Will the test-retest reliability, obtained by

having the same subjects re-score the BMOC videotape on a
separate occasion yield an agreement of 75% or better as
compared to the established standard score for each of
the 21 items?
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CHAPTER IV
METHOD

Subjects
The 11 subjects were employed by the occupational
therapy department of a rehabilitation hospital in a
large midwestern city .

Six subjects were registered

o c c u p a t i o n a l t h erapists and five were c ertified
occupational therapy assistants, between the ages of 20
and 40.

One subject was male.
Instrumentation

Body Mechanics Obstacle Course
The original BMOC evaluation (see Appendix A), used
for 10 years to evaluate low back pain patients was
modified (see Appendix B). Modifications were based on
c o n s u ltation with two e xperts and a review of the
literature which was detailed earlier in this paper.
One orthopaedic surgeon reviewed the original evaluation
and mad e rec ommendations, while another listed the
impo rtant tasks relevant to the assessment of body
mechanics (see the "Content Validity" section for a more
complete description).

The BMOC now includes diagrams

and more detailed scoring instructions for each of the 21
49
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items.

In addition, certain irrelevant items were

eliminated, and relevant items were added. On this
modified version, each item has verbal instructions that
are read to the examinee, and black and white pictures
t hat show the correct and incorrect_positions for each
item.

In addition, there are brief 10 to 30 word

descriptions, per item, that indicate what constitutes a
correct and incorrect score.
Videotape
Two o c c u p ational t herapi sts, not involved a s
subjects, volunteered to be videotaped performing the
BMOC.

The therapists performed the course, in whatever

manner they chose, but each was told to perform some
items incorrectly.

The first volunteer was videotaped

performing the BMOC twice. The first time, she performed
all items correctly,

(Videotape A, Part 1) and this tape

was used to train the subjects in identifying the items
to be scored.
videotaped,

The second time that this volunteer was

(Videotape A, Part 2) she performed some

items of the BMOC incorrectly at will.

This portion of

the tape was used as a practice tape for the subjects to
score.

T h e second volunteer was vi deotaped once

(Videotape B) and this was scored by the subjects and
used as data for this study.
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Content Validity
Two orthopaedic surgeons with experience in treating
low back pain were interviewed to determine the relevant
components of body mechanics to be included in the evaluation.

One surgeon reviewed the original evaluation and

made recommendations. These recommendations included
mak ing the scoring system correct/incorrect, adding
static sitting and standing postures, and adding the
movement sequence of sitting to standing.

Additional

recommendations made were that the object used for the
lifting item of the test be awkward, like a large bag of
dog food or case of beer, and that varying sizes and
shap e s of con tainers be p laced on the shelves for
reaching.

All but the last recommendation were included

in the revised BMOC.

The last recommendation was not

included to keep the evaluation concise.

The second

orthopaedic surgeon's recommendations that lifting,
bending, twisting and pushing were also included.
Training
In a one hour session, the subjects were given
verbal and written instructions on scoring the BMOC.

The

training was given simultaneously for 10 subjects.

One

subject, w ho was not able to attend the group session,
was trained individually in a separate session.

All 11
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subjects viewed Videotape A, Part 1,

the training tape,

while the scoring procedure was explained and demon
strated.

Videotape A, Part 2, of the training tape was

then shown and the subjects scored the items on a new
score sheet as they viewed the tape.
Procedure
Immediately after the training, the subjects viewed
Videotape B and scored it to determine their ability to
identify correct body mechanics. This data was also used
to establish inter-rater reliability in relationship to
the correct
researcher.

( standard)

answer as determined by the

Three weeks later, the subjects simultane-

ously repeated the viewing and scoring of Videotape B for
the test-retest reliability comparison and a second set
of inter-rater reliability comparisons.

CHAPTER V
RESULTS
Comparison of Scores with Standard
First Session
In the first videotape scoring session, the subjects
reached 75% or better agreement on 14 out of 21 items
when compared to the standard, or correct score.
represents 67% of the BMOC test items.

This

Of these 14 items

in the 75% or better range, the subjects reached 100%
agreement on six of the items.

On the seven items where

there was less than a 75% agreement with the standard
score, subjects agreed from 45% to 73% on six items and
0% on item #7 (see Figure 2).

Also on the first test, 8

of the 11 subjects had a 76% to 90% agreement with the
correct scores.

The average agreement of all subjects'

(� = 11) scores with the standard was 79%.
Second Session
During the second session, the subjects reached 75%
or better agreement on 12 out of 21 items as compared to
the standard.

This is 57% of the BMOC items.

On 7 out

of these 12 items, the subjects reached 100% agreement.
On 8 of the remaining 9 items the subjects had between
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ITEM

PERCENTAGE OF AGREEMENT

1. Static

Standing

2. Stand to
Stt
3. Static

Sttting

4. Dynamic

Sttting

5. Stt to

Stand

6. Lift from
Table
7. Relumlo
Table
8. Reaching
9. Twist
vs. Pivot
10. Bending
11. Low

Lifting

12. Tumwhile
Lifting
13. Pushing
14. Tumwith

Cart

15. Bending
16. Twist
vs. Pivot
17. Reaching
18. Low Lifting
19. Tumwhile
Lifting
20. Side
Bending
21. Walking
Posture

FIG. 2 Percentage of Agreement of the Subjects' Scores by Item as Compared to the Standard
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3 6% to 73% agreement.

On item #7 there was no agreement

by any subject with the correct choice/standard (see
Figure 2).

Also on the second test 8 of the 11 subjects

had a 76% to 90% agreement with the correct scores.
average agreement of all subjects'

(!!_

=

The

11) scores with

. the standard was 78%.
Test-Retest Scores
For the test-retest comparisons to be counted as an
agreement, it was necessary for the score of each item on
the second test to agree with each correct score on the
first test.

Therefore, when comparing test-retest scores

by the same subject, on only 9 out of 21 of the BMOC test
items there was a 75% or better agreement with the
correct score.

This represents 43% of the test items.

O f the nine items in the 75% or better range, the
subjects reached 100% agreement on five of the items.

On

the remaining items, the subjects reached between 10% and
73% on eleven items, while on one item #7 there was no
agreement with the standard score.
results.

Figure 2 shows these

The average agreement of all subjects' (!!_

test-retest scores with the standard was 68%.

=

11)

CHAPTER VI
DISCUSSION

The subjects' scoring of each of the two sessions
(the first test at 79% agreement and the second test at
78% agreement) achieved the 75% inter-rater reliability
established for this study (see Chapter III Research
Questions).

However, when the more conservative measure

of test-retest reliability (with a comparison to the
standard score for both tests) was done the 75% level was
not reached.
all subje cts'

As noted above, the average agreement of
(!!_

=

11) test-retest scores with the

standard was only 68%.

The subjects' agreement reached

75% or better on test-retest on 43% (or nine) of the 21
iterns (see Figure 2) •

This indicates that some of the

subjects changed their minds about which items they
believed to be correct versus incorrect.

This could be

the re su 1 t of deficient training in the use of the
scoring protocol as well as inexperience in measuring
body mechanics.
The individuals scoring the BMOC in this study
achieved the best results, i.e., 75% agreement or better
on 67% (14) of the test items, immediately after receiv
ing training on how to score the test. During the next
session, which was held three weeks later, the subjects
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reached 75% agreement on only 57%

(12) of the items.

This suggests that training immediately preceding the use
of the test improves the reliability or that the subjects
needed more extensive training to become proficient in
scoring the BMOC.
Another possible limitation to this study was that
only one of the subjects had experience in working with
patients with low back pain.

Randolph (1984) indicates

that in order to be competent in treating low back pain
patients, occupational therapists need to be trained "in
the biomechanics of the spine"

(p. 101).

Perhaps the

results of this study could be improved by obtaining
subjects that have knowledge and experience in spine biomechanics.

During the seer ing of the videotape, some

subjects commented that it was difficult to score items
that were performed in succession, such as reaching for
an object, turning towards the cart and placing the
object in the cart. This again may be related to the lack
of experience that the subjects had, or insufficient
t r a i n i n g in the use of the BMOC protocol.

Another

possible explanation is that static postures are easier
to score than dynamic.

However, only two test items were

static and one item, standing, reached 82% agreement of
the subjects in all trials, while static sitting, had an
inconsistent agreement, from 55% on test-retest com
parison, to 90% in the first session and 73% in the
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second session when compared to the standard score (see
Figure 2).

Based on these results, the premise that

static postures are easier to score than dynamic, can not
be supported by the results of this study.
In analyzing the results, another consideration was
whether or not
score reliably.

incorrect items were more difficult to
The data was reviewed and the indi

c a t i o n s are that there was almost an equal mix of
incorrect and correct items in the group of items that
received less than 75% agreement. Therefore, in this
assessment, it would not appear that incorrect items were
scored with less reliability than correct items.
The test item of greatest concern in this study, was
item number 7, where the volunteer placed a box on a
table which was at waist height. None of the subjects
scored this item correctly on test 1 or test 2 (the
retest). The videotape was reviewed, as well as the test
protocol to determine a possible cause for this poor
result.

It was noted that the subject stood behind the

box, instead of to the side, as illustrated on the BMOC,
therefore, the view of the volunteer's movement was
obstructed by the box.

It was found that two other test

items, numbers 16 and 19 were also performed from a
different approach than shown on the protocol.

On both

of these items, the volunteer walked around the far side
of the cart on approach or return to the shelf, rather
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than standing between the cart and the shelf.

This

essentially eliminated the movement being evaluated,
i.e., twisting versus pivoting.

These problems could be

eliminated by making the directions on the test protocol
more s p e c ific as to the indiv i dua·l's position in
relationship to the task.

In addition, items numbered 3,

9, 15, and 17 need to be improved and and then the test
s u b mitted to additi onal test-retest analysis with
clinicians with experience in working with low back pain
patients.
The results of this study emphasize the importance
of developing the reliability and validity of clinical
assessments.

Eve n after carefully researching and

r efin ing the BMOC test instrument and protocol and
developing a training video for test administrators, the
assessment did not reach the desired level of test-retest
reliability; yet the unrefined form of the assessment was
used for 10 years in a clinical setting.

APPENDICES
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Appendix A
Original BMOC

61

62
�"'"(f.i �"

,:, :.. ·,:
\-,,, : .,:;,�
"'

MARY FREE BED HOSPITAL AND REHABIUTATION CENTER .,'"•na" "
235 Wcallhy St. S.L Grand R•pids. Ml 4%03 Phont 1616) 24:·.. 0300

OCCUl'ATIONAL THERAPY - CHRONIC PAIN
BODY MECHANICS OBSTACLE COURSE·

1.

Cart position

0

1

2

3

2.

Reaching upper cupboards

0

1

2

3

3.

Loading cart

0

1

2

3

4.

Arrangement in cart

0

1

2

3

Groceries from floor

0

1

2

3

6.

Navigation

0

1

2

3

7.

Cart position

0

1

2

3

8.

Bagging

0

1

2

3

9.

Lifting bag

0

1

2

·3

10.

Posture when walking

0

1

2

3

11.

Carrying

0

1

2

3

12..

Unloading bag

0

1

2

3

13.

Reaching upper cupboards

0

1

2

3

14.

Groceries to floor

0

1

2

3

15.

Energy conservation

0

1

2

3

s.

Accredited by: Joint CommiJ.sion on Accredi&adon of Hospi&als. Commission on Accred,tooon of Rehob,litarior, Foc,lihes.

Appendix B
Modified BMOC
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MARY P'REra: LED JJODY r·:!:':CJl/\tlIC:"; 01,:;•;•/\CJ.I•: C1JIJ 1 ::;1,: ( 11;,1oc)

This assessment is designed to rate an individual's use of body
mechanics, which is the way in which an individual positions and moves
the musculoskeletal system.
SPACE REQUIREMENTS:
Two stations are required, one with a shelving unit, and ample space
to navigate and turn a grocery cart around in. · The second station should
be large enough to house a table and chair and should be adjacent to the
other station.
EQUIPEENT NEEDED:
STANDARD SIZE GROCERY CART
s:1ELVING UNIT - 1 SHELF 72" FRm: THE FLOOR, AND 8 11 DEEP, AND A
SECOND SHELF THAT IS LIKE A CCJUN'l'ER TOP, 30" FRO!,: THE FLOOR,
73" LONG AND 24" DEEP
l-2#7oz. COFFEE CAN - FULL
1-12 PACK BOX OF CANNED SOFT DRINKS - FULL
1-12½ x 16 11 EOX (LIKE THE TYPE USED TO 1:-iOUSE f.:ANILA ?OLDERS)- EMPTY
CHAIR - 18" HEIGHT FROM THE FLOOR, 17" SEAT DEPTE, UPPE:t BACK- 6"x19"
TABLE - HEIGHT 28½" FROM THE FLOOR
SUITCASE - 28½" WIDE, 20½" TALL, 7" DEEP, VOID OF CONTENTS
PAD OF PAPER
PENCIL
OPTIONAL BUT RECOMMENDED: PORTAbLE VIDEOTAPING EQUIP½ENT
SET UP:
1) Place the coffee can on the 72' shelf.
2) Place the soft drink box on the floor, underneath the countertop
of the shelving unit, front edge of box lined up with countertop.
3) Place the grocery cart 25" away from the edge of the countertop,
at the end portion of the shelvinr, unit, parrallel to the unit.
4) Place chair under table, paper and pen cntop o� the table in front
of the chair.
5) Put the 12½"xl6" box ontop of the table, to one side of the paper
and pen. Note: this box may be omitted fr01:: some of the diagrams
on the scoring form for the sake of clarity.
6) Suitcase is placed on the floor 1n an unobstructed area.
PROCEDURE:
The subject is instructed to perfor� the B�OC according to the instruct-·
ions on the scoring sheet. While the subject is perforr.iini:; the activities,
the test administrator checks or circles "correct" or "incorrect" on the
score sheet. Diagrams and written descriptions are included on the score
sheet to assist the test ad�inistrator in deterrr.ining the score on each
item. After the subject has completed all items the number of correct
items is totaled and figured into a percentage.
The recommended method is to videotape the subject and play the tape
back for scoring purposes. The videotape can then be used to assist in
educating the subject on the use of correct body mechanics.
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MARY ;?REE BED EODY MECHANICS OBSTACLE COUR.SE ( B!v:OC)
INSTRUCTION AND SCORE SHEET
"l'm going to ask vou to do some activities, so that I can look at your
body mechanics. Body mechanic5 is the way in which you move and position
your body. Please wait after each instruction and then do only what I tell
you. I will be scoring �ou on this score sheet and I'll tell you how you
did when we're through.
OPTIONAL: "I'll be videotaping you, so that you can look at your use of
body mechanics. This tape is for your education, so that you can become
aware of how you move and position your body."
TABLE AND CHAIR STATION
CIRCLE OR MARK CORRECT OR INCORRECT FOR EACH ITZ�.
osture so stand as vou would
1. "First I would like to look at
normally.' CORRECT: taut abdomen, slightly tucked pelvis, ear in line
with shoulder. INCORRECT: protruding abdomen, forward head, sway back)

CORRECT
5.0

INCORRECT

2. "Next, sit down at the table." (CORRECT: keeps back straight, bends at
the knees, may use arms to assist. INCORRECT: bends forward at the
trunk, or twists and bends sideways)

CORTIECT
2.5
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3. (Pnucc and observe static sittinr,). (CUl:HEC'l': straii•,ht back, abdomen
pulled in, head in line with trunk. INCOHnECT: protrudin� abdomen, back
bent, forward head.)

CORRECT
4.

2.5

straight
11 Now write your name on the paper in f:i.·ont of you."(CORP.ECT:
back, abdomen pulled in. INCORRECT: orotrudin� abdomen, back bent,
forward head.)

CORRECT
5.

INCOHHECT

2.5

INCORRECT

11 Stand u . 11
(CORRECT: keeps back strair;ht, bends at knees, may use arms
p
to assist. INCORRECT: bends forward at trunk, twists or bends sideway·s)

�
rc::J

'
I�

��

·���
CORRECT

2.5

INCOP.�FC'!'
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6. "Lift the box from the table." (COHIIEG'l': back ,;t,r:i.lr:ht, lcnees bent,
box close to body. INCORRECT: le�s straight, back bent, box away
from body.)

CORRECT

2.5

INCORRECT

7. "Now nlace the box back on the table." (CORRECT/INCOnRECT: see above.)

CORRECT

2.5

INCORRECT

Wheel the cart to the
ou're rocerv
8. "Now let's
CORRECT: stands close
shelves and put the coffee can in the cart.·
to shelf, keeps back straight, abdomen in. IKCO�R�CT: stands farther
away from shelf, bends at the waist or leans sideways.)

CORRECT

2.5

INCORRECT
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9. (Observe turning towards the cart.) (COl!r�CT: moves feet in small
steps while moving trunk as a unit. IKOORRECT: twists at the trunk
hips move separate from shoulders, minimal use of �tcrrin� with feet.)

CORRECT
I�COHRSCT
2.5
10. (Observe placing can in cart.) (CORRECT: back strai6ht, body positioned
close to cart, bends at knees. I�C03RECT: body away from the cart,
straight legs ,bends at the waist.)

CORRECT

2.5

INCORRECT

11. "Next I'd like ou to lift the box of o from the floor and lace it
CORRECT: bends knees, gets pelvis
on the lower shelf of the cart.
close to the floor, wide base of support with feet, straight back.
INCORRECT: bends from the waist, legs straight.)

CORRECT

2.5

INCORRECT
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12. (Observe turning towards lower shelf of cart.) ( COJ-:!lEC'l': l:cep:i
back straight, pivots with feet or on toes, remains squatted with
knees bent. INCORRECT: twi::-,ts 11.t the trunk, m:ln1.111:il pivotinr:: with
the feet. bends at the waist.)

INCOHRECT

CORRECT

2.5

13. "Now oush the cart." (CORRECT: close to cart, back straight, elbows
bent. INCORRECT: body away from cart, trunk fl�x�d.)

COHRECT

5.0

INCCRR�CT

14. "Now lease turn the cart around in a circle and head back towards
the shelves.
CORRECT: pivots with small steps and moves body as
a unit. INCORRECT: twists the trunk to move the cart.)

CORRECT
15.

5�0

i

INCORREC�

"Now place the coffee can back on the top shelf." (CORRECT: back
cart, bends knees. INCORRECT: farther
straight, positioned
bends at the waist.)
from the cart, strai

-
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16.

(Ob::;crve turning toward:, �helve2.) (CUl!H!.�C'l': 1:,uvc:.; 1'cc;t ln :.;mnll
steps while log rolling body as a unit. I!ICOHP.EC'l': twists at the
trunk, minimal steppinG.)

17.

INCORPEC'l'
CORRECT
2.5
(Observe reaching and placing can on 3helf.) (COLrt!::C'l': stands close
to shelf, keeps back straight, abdomen in. n:cOR:'{ECT: stands farther
away from shelf, bends at the waist or leans �ideways.)

18.

CORRECT
rncommc·r
2.5
"Place the poo can box back on the floor." (CORRECT: bends knees,
gets pelvis close to the floor, wide base of supnort with the feet,
straight back. INCORRECT: bends frorr. tr,e waist, lee;s straight.)

19.

CORP.ECT
DI CORRECT
2,5
(Observe turnine; to place box on floor.) (CORr-lZCT: keeps back
�traight, pivots with feet or on toes, remains squatted with knees
bent. INCORRECT: twists at the trunk, ,,1inimal pivoting with the
fP.P.t. bends at the waist.)

CORRECT
2.5

I!!CURRE8':'

' 71

20.

"Now I'd like ou to nick u this suitcase and then lace it back
on the floor.
CORRECT: bends knees, keeps back straight, shoulders
level. INCORRECT: legs straight, bends at tte waist.)

!NCORitECT
CORHECT
2.5
"NbW for the last activitv I'd like ou to walk like ou normally
do.
CORRECT: back straight, stoL<ach taut, head in line with
shoulder. INCORRECT: sway back or flexed at the trunk, forward
head, protruding abdomen.)

21.

CORRECT
2.5

TO'l'AL SCORE

/60
------------

INCORRECT

/60

PERCENTAGE SCORE----------

-----------------------------------

NAl•:I:

DATE________________
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